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GAGED AND ESTIMATED MONTHLY STREAMFLOW DURING 1931-84 FOR 

SELECTED SITES IN THE RED RIVER OF THE NORTH BASIN 

IN NORTH DAKOTA AND MINNESOTA

By R. Scott Guenthner, Jay F. Weigel, and Douglas G. Emerson

ABSTRACT

Operation of the Garrison Diversion Unit in North Dakota may have 
various effects on the quantity and quality of streamflow in the Sheyenne 
River and the Red River of the North. To model the effects that the 
Garrison Diverson Unit could have on water quantity, monthly gaged and 
estimated streamflow data and estimated unregulated streamflow data were 
compiled to develop a complete monthly streamflow record for January 1931 
through December 1984 (data-development period) for 29 sites in the Red 
River of the North basin.

Gaged streamflow records were available for January 1931 through 
December 1984 for only 4 sites; no records or records of various length 
were available for the remaining 25 sites. Drainage-area ratio and 
Maintenance of Variance Extension Type 1 methods were used to estimate the 
streamflow for those sites that had no streamflow record or had a 
streamflow record available for only part of the data-development period.

Unregulated streamflow for the 29 sites was estimated by removing the 
hydrologic effects of Lake Ashtabula, which is formed behind Baldhill Dam 
on the Sheyenne River, and surface-water withdrawals. VIater-balance pro 
cedures were used to remove the hydrologic effects of Lake Ashtabula from 
the streamflow record for sites downstream of Baldhill Dam.

Mean annual gaged streamflow for the Sheyenne River below Baldhill Dam 
was 9,175 acre-feet less than mean annual estimated unregulated streamflow 
for 1950-84, when Baldhill Dam was in operation. Net evaporation losses 
from Lake Ashtabula account for most of the difference between gaged 
streamflow and estimated unregulated streamflow.

INTRODUCTION

The Garrison Diversion Unit in North Dakota was authorized by 
Congressional Act of August 5, 1965, Public Law 89-108. The Garrison 
Diversion Unit was to provide for: (1) Irrigation of 250,000 acres, (2) 
municipal and industrial water, (3) fish and wildlife, (4) recreation, and 
(5) flood control. The Garrison Diversion Unit Reformulation Act of 1986, 
Public Law 99-294, specified several modifications and amendments to the 
1965 Act. One of the amendments authorized and directed the Secretary of 
the Interior to construct, operate, and maintain a Sheyenne River water 
supply and release feature capable of delivering 100 cubic feet per second



of water for the cities of Fargo and Grand Forks and the surrounding com 
munities. Water from the Garrison Diversion Unit would be delivered to the 
upper reaches of the Sheyenne River, which would convey the water to the 
Red River of the North (pi. 1, in pocket).

Operation of the Garrison Diversion Unit in North Dakota may have 
various effects on the quantity and quality of streamflow in the Sheyenne 
River and the Red River of the North. Therefore, a technical team, con 
sisting of members from the U.S. Bureau of Reclamation, U.S. Fish and 
Wildlife Service, U.S. Geological Survey, U.S. Army Corps of Engineers, 
North Dakota State Water Commission, and the Garrison Diversion Conservancy 
District, met to discuss the potential effects of the Garrison Diversion 
Unit on the hydrology of the Sheyenne River and the Red River of the North. 
Members of the technical team concluded that a model was needed to simulate 
different hydrologic conditions that could occur during operation of the 
Garrison Diversion Unit.

The Project Canals, Reservoirs, and River Systems model developed by 
the U.S. Bureau of Reclamation was selected by the technical team for the 
simulations. An early version of the Project Canals, Reservoirs, and 
River Systems model was used for the James River in North and South Dakota. 
Modifications were made to the model by the U.S. Bureau of Reclamation so 
it could be applied to the Sheyenne River and the Red River of the North. 
The model uses, as input data, the monthly unregulated streamflow for 29 
sites in the Red River of the North basin, 12 of which are in the Sheyenne 
River basin.

Purpose

This report describes the compilation and analysis of the monthly 
streamflow data needed as input to the Project Canals, Reservoirs, and 
River Systems model. The specific objectives were: (1) Compile and esti 
mate the streamflow data for 1931-84 (the data-development period) for 
29 sites within the Red River of the North basin, 12 of which are in the 
Sheyenne River basin (pi. 1); and (2) estimate the unregulated streamflow 
for 1931-84 for the 29 sites. The 29 sites include gaging stations for 
which some records are available and sites for which no records are 
available. The 29 sites where streamflow data were needed are listed in 
the following table.

Gaged streamflow records were available for January 1931 through 
December 1984 for only 4 sites; no records or records of various length 
were available for the remaining 25 sites. Unregulated streamflow was 
determined by adjusting the gaged and estimated streamflow to reflect the 
absence of water-resource developments.

Description of Study Area

The Red River of the North basin is part of the Hudson Bay drainage 
system (pi. 1). Parts of South Dakota, North Dakota, and Minnesota in the 
United States, and parts of Saskatchewan and Manitoba in Canada are drained 
by the Red River of the North. The North Dakota-Minnesota boundary is 
formed by the Red River of the North. Drainage area of the Red River of



Site Gaging station 
number Gaging station or site name number

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Red River of the North at Fargo, N.Dak.
Sheyenne River above Harvey, N.Dak.
Sheyenne River near Warwick, N.Dak.
Sheyenne River near Cooperstown, N.Dak.
Baldhill Creek at the mouth
Sheyenne River below Baldhill Dam, N.Dak.
Sheyenne River at Valley City, N.Dak.
Sheyenne River at Lisbon, N.Dak.
Sheyenne River near Kindred, N.Dak.
Sheyenne River at West Fargo, N.Dak.
Maple River at the mouth
Rush River at the mouth
Sheyenne River at the mouth
Buffalo River at the mouth
Elm River at the mouth
Wild Rice River at the mouth
Red River of the North at Halstad, Minn.
Goose River at the mouth
Marsh River at the mouth
Sand Hill River at the mouth
Red Lake River at the mouth
Red River of the North at Grand Forks, N.Dak.
Turtle River at the mouth
Forest River at the mouth
Snake River at the mouth
Park River at the mouth
Red River of the North at Drayton, N.Dak.
Pembina River at the mouth
Red River of the North at Emerson, Man.

05054000
05054500
05056000
05057000

05058000
05058500
05058700
05059000
05059500

05064500

05082500

05092000

05102500

the North at the Emerson, Man., gaging station, which is 0.8 mile 
downstream from the international boundary, is 40,200 square miles (U.S. 
Geological Survey, 1986, p. 147). The Red River of the North is formed 
where the Ottertail and the Bois de Sioux Rivers join at Wahpeton, N.Dak., 
and Breckenridge, Minn. The river flows northward 394 miles to the United 
States-Canadian boundary. From the international boundary, the Red River 
of the North flows north about 155 miles and discharges into Lake Winnipeg. 
The Red River of the North basin upstream from the international boundary 
is the only part of the basin included in the study area.

The Red River of the North flows over lacustrine deposits of glacial 
Lake Agassiz through its entire length in North Dakota. The slope of the 
river is extremely flat. The river falls only about 200 feet in its 
394-mile course from Wahpeton to the international boundary (Miller and 
Frink, 1984).

The Sheyenne River is one of the major tributaries to the Red River of 
the North. The Sheyenne River has a drainage area of about 6,910 square



miles (not including the closed Devils Lake basin). From its headwaters 
near Harvey, N.Dak., the Sheyenne River, which is about 500 miles long, 
flows eastward about 150 miles, southward about 200 miles, and then 
northeastward to its confluence with the Red River of the North, north of 
Fargo, N.Dak. (Souris-Red-Rainy River Basins Commission, 1972, p. D-50).

The Sheyenne River basin lies in three distinct physiographic areas. 
The drift prairie area extends from the headwaters to the vicinity of 
Valley City, N.Dak.; a hilly delta area extends from Valley City, N.Dak., to 
the vicinity of Kindred, N.Dak.; and the glacial Lake Agassiz area extends 
from the vicinity of Kindred, N.Dak., to the confluence of the Sheyenne 
River and the Red River of the North. Most of the Sheyenne River valley 
from the headwaters to Kindred, N.Dak., is incised into glacial till. The 
valley from Sheyenne, N.Dak., to Kindred, N.Dak., ranges from 100 to 200 
feet in depth and 0.2 to 2 miles in width. The Sheyenne River from 
Kindred, N.Dak., to the confluence of the Sheyenne River and the Red River 
of the North flows over lacustrine deposits of glacial Lake Agassiz. 
Average gradient of the river is 1.5 feet per mile in the drift prairie and 
hilly delta areas and about 1 foot per mile in the glacial Lake Agassiz 
area.

No flow has been recorded at times in the upper reaches of the Sheyenne 
River. Flow in the lower reaches of the river is regulated partly by 
releases from Baldhill Dam, which began regulating streamflow in 1949. 
Lake Ashtabula, formed by Baldhill Dam, has a capacity of 69,100 acre-feet 
between the invert of the outlet conduit and the normal pool elevation. 
Lake Ashtabula is operated for flood control (capacity at maximum pool ele 
vation of 1,273.2 feet is 116,500 acre-feet), municipal water supply, 
recreation, and stream-pollution abatement through low-flow augmentation.

METHODS USED TO ESTIMATE STREAMFLOW

Several methods are available for streamflow record extension. Two 
methods were used in this study to extend records for gaging stations with 
incomplete record for the data-development period of 1931-84 and to esti 
mate streamflow at ungaged sites near gaging stations on the same stream. 
The drainage-area ratio and the Maintenance of Variance Extension Type 1 
(MOVE.l) methods were used in this study, and are described briefly in the 
following paragraphs. These and other methods that can be used to extend 
streamflow records for gaging stations with incomplete record and to esti 
mate streamflow at nearby ungaged sites are further explained by Wiche and 
others (1989).

The drainage-area ratio method can be used to extend the streamflow 
record for the site of interest or to estimate the streamflow when 
streamflow record is available for a nearby gaging station. The drainage- 
area ratio method (Hirsch, 1979) assumes that the ratio of the streamflows 
at two sites is equal to the ratio of their drainage areas. The equation 
for the drainage-area ratio method is:

y/ « (ay/ax)x 1t (1)



where

y/ = the estimated streamflow during month / at the site of interest,
in cubic feet per second;

ay = the drainage area at the site of interest, in square miles; 
ax = the drainage area at the base station, in square miles; and 
*/ = the gaged streamflow during month 7 at the base station, in cubic

feet per second.

MOVE.l can be used to extend streamflow records when streamflow record 
is available for the site of interest for a period of N\ years and record 
is available for the base station for the same N\ years plus an additional 
#2 years. Hirsch (1982) showed that the MOVE.l method, which is similar to 
regression methods, preserves the statistical characteristics of the actual 
record better than traditional regression methods. Use of MOVE.l results 
in preservation of sample estimates of the mean and of the variance from 
the historical record (N\ years). Additionally, use of MOVE.l allows 
selection of different base stations to fill in missing record for the site 
of interest.

The equation for the MOVE.l method is:

y/ = m(yi) + [s(y!)/s(xi)][x/ - M(XI)], (2) 
where

y/ = estimate of streamflow during month 7" at the site of
interest, in cubic feet per second; 

m(yi) = the mean of N\ years of gaged streamflow at the site of
interest, in cubic feet per second; 

5 (/l) = the standard deviation of N\ years of streamflow at the site
of interest, in cubic feet per second; 

s(x\) = the standard deviation of N\ years of streamflow at the base
station, in cubic feet per second; 

Xj = the gaged streamflow during month / at the base station, in
cubic feet per second; and 

m(x\) = the mean of N\ years of streamflow at the base station, in
cubic feet per second.

Hirsch (1979) showed that log-transformed data are superior to linear data 
for extension of streamflow records; therefore, streamflow values were log 
transformed prior to use in equation 2. Streamflow values of zero were 
treated as missing values.

Alley and Burns (1983) developed a means of selecting monthly extension 
equations either using flow values only from the same month, or developing 
the extension equation using all flow values. The selection involves a 
tradeoff between the ability to preserve monthly differences versus greater 
sample size. The MOVE.l equation (Alley and Burns, 1983) has an option 
that allows for both cyclic (monthly) and noncyclic (annual) extension 
equations to be considered for each individual prediction. If the cyclic 
(monthly) option is selected, an extension equation is computed for that 
month using only streamflow values for the same month; if the noncyclic 
(annual) option is selected, an extension equation is computed using all 
concurrent streamflow values for the period of record.



For a particular month, the missing value for the site of interest is 
estimated using both the cyclic (monthly) equation and the noncyclic 
(annual) equation, and a standard error of prediction is computed for both 
estimates. The equation that provides the smallest standard error of pre 
diction is used to estimate the missing value.

GAGED AND ESTIMATED STREAMFLOW

Gaged streamflow records were available for January 1931 through 
December 1984, the entire data-development period, for only 4 of the 29 
sites needed for the model; incomplete records of various length were 
available for 9 sites; no records were available for 16 sites. Gaged and 
estimated streamflows for the 29 sites where data were needed for the model 
are listed in supplement 1. Streamflow estimates for some sites could have 
been made by both the drainage-area ratio and MOVE.l methods. However, 
only the method used to estimate the final data is discussed in the 
following sections.

When the drainage-area ratio method was used, the gaging station 
nearest the site of interest generally was selected as the base station, if 
record was available for the period when streamflow was to be estimated. 
Locations of the base stations are shown on plate 1. The contributing 
drainage area (table 1) was used when available. The large difference 
between the total and the contributing drainage area for gaging stations on 
the Sheyenne River that are downstream of the Sheyenne River near Warwick, 
N.Dak., gaging station are due to the noncontributing drainage area of the 
closed Devils Lake basin.

When the MOVE.l method was used, the base stations were selected on the 
basis of similarity of basin characteristics and proximity to the site of 
interest. For the MOVE.l method, the equation with the smallest standard 
error of prediction always was selected to estimate monthly streamflow. In 
most cases, the equation with the smallest standard error of prediction had 
the largest correlation coefficient. In some cases, the correlation 
coefficient is smaller for the equation that was used as compared to the 
correlation coefficient listed for other equations. Only the correlation 
coefficients between the site of interest and the base stations are given 
in the following sections.

Red River of the North at Fargo, North Dakota

Streamflow record for the Red River of the North at Fargo is available 
for January 1931 through December 1984, the entire data-development period 
(table 1). Thus, no estimated streamflow data were required for this 
gaging station.

Sheyenne River above Harvey, North Dakota

Streamflow record for the Sheyenne River above Harvey is available for 
October 1955 through December 1984. The drainage-area ratio method 
(eq. 1) was used to estimate streamflow for January 1931 through September 
1955. The Sheyenne River at West Fargo was used as the base station to



Table 1. Selected gaging stations operated by the U.S. Geological Survey

1n the Red River of the North basin

[  Indicates no data]

Gaging 
station 
number

05054000
05054500
05055000
05056000
05057000
05057200
05057500
05058000
05058500

05058700
05059000
05059500
05060000
05060500
05062000
05062200

05064000

Drainage area 
(square miles)

Gaging station name

Red River of the North at Fargo, N.Dak.
Sheyenne River above Harvey, N.Oak.
Sheyenne River near Harvey, N.Dak.
Sheyenne River near Warwick, N.Dak.
Sheyenne River near Coopers town, N.Dak.

Baldhlll Creek near Dazey, N.Dak.
Lake Ashtabula at Baldhlll Dam, N.Dak.
Sheyenne River below Baldhlll Dam, N.Dak.
Sheyenne River at Valley City, N.Dak.

Sheyenne River at Lisbon, N.Dak.
Sheyenne River near Kindred, N.Dak.
Sheyenne River at West Fargo, N.Dak.

Maple River near Mapleton, N.Dak.
Rush River at Amenla, N.Dak.

Buffalo River near Dllworth, M1nn.
Elm River near Kelso, N.Dak.

Wild R1ce River at Hendrum, M1nn.

Total

6,800
424
534

2,070
6,470

691
 

7,470
7,810

8,190
8,800
8,870
1,450

116
1,040

194

1,600

Contributing

__

154
174
760

1,270
351
 

1,910
2,110

2,490
3,020
3,090
1,379
 
 
 

 

Period of record 
through 1984 
(complete months)

5/01 through 12/84
10/55 through 12/84
10/45 through 9/56
10/49 through 12/84
10/44 through 12/84
4/56 through 12/84
7/49 through 12/84
10/49 through 12/84
4/38 through 6/38
8/38 through 9/75

10/56 through 12/84
8/49 through 12/84
10/29 through 12/84
4/44 through 9/75
8/46 through 12/84
4/31 through 12/84
10/55 through 9/63

10/80 through 9/81
Seasonal 10/81
through 12/84

4/44 through 9/84

05064500 Red River of the North at Halstad, M1nn.

05066500 Goose River at Hlllsboro, N.Dak.

05067500 Marsh River near Shelly, Mlnn.
05069000 Sand H111 River at Climax, M1nn.
05079000 Red Lake River at Crookston, M1nn.

05082500 Red River of the North at Grand Forks, N.Dak. 30,100
05083000 Turtle River at Manvel, N.Dak. 613
05084500 Forest River near M1nto, N.Dak. 604

05085000 Forest River at Mlnto, N.Dak.
05086000 Snake River at Alvarado, M1nn.
05086500 Snake River near Arygle, M1nn.
05087500 Middle River at Arygle, M1nn.

05090000 Park River at Grafton, N.Dak.

05092000 Red River of the North at Drayton, N.Dak.

05100000 Pemblna River at Neche, N.Dak. 
05101000 Tongue River at Akra, N.Dak.

05101500 Tongue River at Cavalier, N.Dak. 

05102500 Red River of the North at Emerson, Man.

21,800   Intermittent 4/36
through 9/60 
6/61 through 12/84 

1,203 1,093 Seasonal 4/31
through 3/34 
4/34 through 12/84

151 ~ 3/44 through 9/83
426 ~ 4/43 through 9/84

5,280   1/31 through 12/84

4/1882 through 12/84 
556 10/45 through 9/70 
486 Seasonal 4/32 

through 9/35 
10/35 through 9/44

740 620 4/44 through 12/84 
309 ~ 10/53 through 9/56 
481 ~ 4/45 through 9/45 
265 ~ 4/45 through 9/45

10/50 through 12/84 
695 ~ 5/31 through 12/84

34,800 -- Seasonal 4/36
through 3/49 
4/49 through 12/84

3,410   4/19 through 12/84 
162   4/50 through 6/50

10/51 through 9/82 
Seasonal 10/82 
through 12/84 

167   10/38 through 10/51

40,200   5/12 through 12/84



estimate streamflow for January 1931 through July 1938. A drainage-area 
ratio of 154 square miles/3,090 square miles was used. The Sheyenne River at 
Valley City was used as the base station to estimate streamflow for August 
1938 through September 1945. A drainage-area ratio of 154 square miles/2,110 
square miles was used. The Sheyenne River near Harvey was used as the base 
station to estimate streamflow for October 1945 through September 1955. A 
drainage-area ratio of 154 square miles/174 square miles was used.

Sheyenne River near Warwick, North Dakota

Streamflow record for the Sheyenne River near Warwick is available for 
October 1949 through December 1984. The drainage-area ratio method (eq. 1) 
was used to estimate streamflow for January 1931 through September 1949. 
The Sheyenne River at West Fargo was used as the base station to estimate 
streamflow for January 1931 through September 1944. A drainage-area ratio 
of 760 square miles/3,090 square miles was used. The Sheyenne River near 
Cooperstown was used as the base station to estimate streamflow for October 
1944 through September 1949. A drainage-area ratio of 760 square 
miles/1,270 square miles was used.

Sheyenne River near Cooperstown, North Dakota

Streamflow record for the Sheyenne River near Cooperstown is available 
for October 1944 through December 1984. The drainage-area ratio method 
(eq. 1) was used to estimate streamflow for January 1931 through September 
1944. The Sheyenne River at West Fargo was used as the base station to 
estimate streamflow for January 1931 through March 1938 and for July 1938. 
A drainage-area ratio of 1,270 square miles/3,090 square miles was used. 
The Sheyenne River at Valley City was used as the base station to estimate 
streamflow for April, May, and June 1938 and for August 1938 through 
September 1944. A drainage-area ratio of 1,270 square miles/2,110 square 
miles was used.

Baldhill Creek at the Mouth

Baldhill Creek, a tributary to the Sheyenne River, flows into Lake 
Ashtabula on the western shore of the lake. Streamflow data have not been 
collected for Baldhill Creek at the mouth. The drainage-area ratio method 
(eq. 1) was used to estimate streamflow for January 1931 through December 
1984. The Sheyenne River at West Fargo was used as the base station to 
estimate streamflow for January 1931 through March 1938 and for July 1938. 
A drainage-area ratio of 397 square miles/3,090 square miles was used. The 
Sheyenne River at Valley City was used as the base station to estimate 
streamflow for April, May, and June 1938 and for August 1938 through 
September 1944. A drainage-area ratio of 397 square miles/2,110 square 
miles was used.

Streamflow for October 1944 through July 1949 was estimated by applying 
the drainage-area ratio method to the increase in streamflow between the 
Sheyenne River near Cooperstown and the Sheyenne River at Valley City. The 
following equation was used:

Qbm - Wbm'Wvc - ACO}"\(QVC - Qco), (3)



where

estimated streamflow of Baldhill Creek at the mouth,
in cubic feet per second;
contributing drainage area of Baldhill Creek at the
mouth (397 square miles); 

Avc = contributing drainage area of the Sheyenne River at
Valley City (2,110 square miles); 

Aco = contributing drainage area of the Sheyenne River near
Cooperstown (1,270 square miles); 

Qvc = 9aged streamflow of the Sheyenne River at Valley City, in
cubic feet per second; and 

Qco = Qaged streamflow of the Sheyenne River near Cooperstown,
in cubic feet per second.

Because streamflow of the Sheyenne River downstream of Baldhill Dam has 
been regulated since July 30, 1949, when water storage in Lake Ashtabula 
began, the method defined by equation 3 was used only through July 1949. 
Baldhill Creek near Dazey was selected as the base station to estimate 
streamflow for August 1949 through December 1984.

Streamflow record for Baldhill Creek near Dazey is available for April 
1956 through December 1984. Thus, streamflow for Baldhill Creek near Dazey 
had to be estimated for August 1949 through March 1956 before the 
streamflow record could be transferred to Baldhill Creek at the mouth. 
MOVE.l (eq. 2) was used to estimate streamflow of Baldhill Creek near Dazey 
for August 1949 through March 1956. The Sheyenne River near Cooperstown 
was selected as the base station.

Baldhill Creek near Dazey and the Sheyenne River near Cooperstown had 
348 months of concurrent nonzero streamflow record. Streamflow was esti 
mated by use of the Alley and Burns (1983) method that allows the cyclic 
(monthly) and noncyclic (annual) equations to be considered for each 
monthly estimate. The cyclic equation was used to estimate monthly 
streamflows for January, for April through June, and for October through 
December. The noncyclic equation was used to estimate monthly streamflows 
for February and for July through September. The cyclic and the noncyclic 
equations were used an equal number of times to estimate streamflows for 
March. The largest cyclic correlation coefficient was 0.92 for April 
(table 2). The noncyclic correlation coefficient was 0.83.

The drainage-area ratio method was used to estimate streamflow for 
Baldhill Creek at the mouth for August 1949 through December 1984. 
Baldhill Creek near Dazey was used as the base station. A drainage-area 
ratio of 397 square miles/351 square miles was used.

Sheyenne River below Baldhill Dam, North Dakota

Streamflow record for the Sheyenne River below Baldhill Dam is 
available for October 1949, shortly after completion of Baldhill Dam, 
through December 1984. The drainage-area ratio method (eq. 1) was used to 
estimate streamflow for January 1931 through September 1949. The Sheyenne 
River at West Fargo was used as the base station to estimate streamflow for
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January 1931 through March 1938 and for July 1938. A drainage-area ratio 
of 1,910 square miles/3,090 square miles was used. The Sheyenne River at 
Valley City was used as the base station to estimate streamflow for April 
through June 1938 and for August 1938 through September 1949. A drainage- 
area ratio of 1,910 square miles/2,110 square miles was used.

Sheyenne River at Valley City, North Dakota

Streamflow record for the Sheyenne River at Valley City is available 
for April through June 1938 and for August 1938 through September 1975. 
The drainage-area ratio method (eq. 1) was used to estimate streamflow for 
January 1931 through March 1938, for July 1938, and for October 1975 
through December 1984. The Sheyenne River at West Fargo was used as the 
base station to estimate streamflow for January 1931 through March 1938 and 
for July 1938. A drainage-area ratio of 2,110 square miles/3,090 square 
miles was used. The Sheyenne River below Baldhill Dam was used as the base 
station to estimate streamflow for October 1975 through December 1984. A 
drainage-area ratio of 2,110 square miles/1,910 square miles was used.

Sheyenne River at Lisbon, North Dakota

Streamflow record for the Sheyenne River at Lisbon is available for 
October 1956 through December 1984. The drainage-area ratio method 
(eq. 1) was used to estimate streamflow for January 1931 through September 
1956. The Sheyenne River at West Fargo was used as the base station to 
estimate streamflow for January 1931 through March 1938 and for July 1938. 
A drainage-area ratio of 2,490 square miles/3,090 square miles was used. 
The Sheyenne River at Valley City was used as the base station to estimate 
streamflow for April through June 1938 and for August 1938 through 
September 1956. A drainage-area ratio of 2,490 square miles/2,110 square 
miles was used.

Sheyenne River near Kindred, North Dakota

Streamflow record for the Sheyenne River near Kindred is available for 
August 1949 through December 1984. The drainage-area ratio method (eq. 1) 
was used to estimate streamflow for January 1931 through July 1949. The 
Sheyenne River at West Fargo was selected as the base station. A drainage- 
area ratio of 3,020 square miles/3,090 square miles was used.

Sheyenne River at West Fargo, North Dakota

Streamflow record for the Sheyenne River at West Fargo is available for 
January 1931 through December 1984, the entire data-development period. 
Thus, no estimated streamflow data were required for this gaging station.

Maple River at the Mouth

Streamflow data have not been collected for the Maple River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Maple River at the mouth for January 1931 through 
December 1984. The Maple River near Mapleton was selected as the base sta 
tion. Streamflow record for the Maple River near Mapleton is available for

11



April 1944 through September 1975. Thus, streamflow for the Maple River 
near Mapleton had to be estimated for January 1931 through March 1944 and 
for October 1975 through December 1984 before the streamflow record could 
be transferred to the Maple River at the mouth. MOVE.l (eq. 2) was used to 
estimate streamflow for the Maple River near Mapleton for January 1931 
through March 1944 and for October 1975 through December 1984. The 
Sheyenne River at West Fargo and the Goose River at Hillsboro were selected 
as potential base stations.

The Maple River near Mapleton and the base stations had 353 months of 
concurrent nonzero streamflow record. The cyclic equation was selected to 
estimate monthly streamflow about 84 percent of the time for January, 
February, April through July, and October through December and the noncyclic 
equation was selected to estimate the remaining 16 percent of the time. The 
noncyclic equation was selected to estimate monthly streamflow for March, 
August, and September. The largest cyclic correlation coefficient was 0.89 
for April (table 3). The noncyclic correlation coefficient was 0.79 between 
the Maple River near Mapleton and the Sheyenne River at West Fargo and 0.80 
between the Maple River near Mapleton and the Goose River at Hillsboro.

The Sheyenne River at West Fargo was used as the base station to esti 
mate monthly streamflow of the Maple River near Mapleton for 96 months when 
the cyclic equation was chosen and for 21 months when the noncyclic 
equation was chosen. The Goose River at Hillsboro was used as the base 
station to estimate monthly streamflow for 93 months when the cyclic 
equation was chosen and for 58 months when the noncyclic equation was chosen. 
Gaged and estimated monthly streamflow for the Maple River near Mapleton is 
listed in supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Maple River at the mouth for January 1931 through December 1984. The Maple 
River near Mapleton was used as the base station. A drainage-area ratio of 
1,489 square miles/1,379 square miles was used.

Rush River at the Mouth

Streamflow data have not been collected for the Rush River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Rush River at the mouth for January 1931 through 
December 1984. The Rush River at Amenia was selected as the base station. 
Streamflow record for the Rush River at Amenia is available for August 1946 
through December 1984. Thus, the streamflow for the Rush River at Amenia 
had to be estimated for January 1931 through July 1946 before the 
streamflow record could be transferred to the Rush River at the mouth. 
MOVE.l (eq. 2) was used to estimate streamflow for the Rush River at Amenia 
for January 1931 through July 1946. The Sheyenne River at West Fargo, the 
Buffalo River near Dilworth, and the Goose River at Hillsboro were selected 
as potential base stations.

The Rush River at Amenia and the Sheyenne River at West Fargo had 286 
months of concurrent nonzero streamflow record, the Rush River at Amenia 
and the Buffalo River near Dilworth had 288 months of concurrent nonzero

12
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streamflow record, and the Rush River at Amenia and the Goose River at 
Hillsboro had 281 months of concurrent nonzero streamflow record. The 
largest cyclic correlation coefficients ranged from 0.64 to 0.93 for April, 
May, and June (table 4). The noncyclic correlation coefficients were 0.72, 
0.74, and 0.74.

The Sheyenne River at West Fargo was used as the base station for only 
3 months, January, February, and March 1931, when no record was available 
for either the Buffalo River near Dilworth or the Goose River at Hillsboro. 
The Buffalo River near Dilworth was used as the base station for 105 
months and the Goose River at Hillsboro was used as the base station for 
79 months. Gaged and estimated streamflow for the Rush River at Amenia is 
listed in supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Rush River at the mouth for January 1931 through December 1984. The Rush 
River at Amenia was used as the base station. A drainage-area ratio of 188 
square miles/116 square miles was used.

Sheyenne River at the Mouth

Streamflow data have not been collected for the Sheyenne River at the 
mouth. Streamflow for the Sheyenne River at the mouth, which is at the 
Sheyenne River confluence with the Red River of the North, includes 
streamflow for the Sheyenne River at West Fargo (about 24.5 miles 
upstream), direct inflow, and streamflow for two tributaries, the Maple 
River and the Rush River. Streamflow record for the Sheyenne River at West 
Fargo is available for the entire data-development period. For purposes of 
this study, direct inflow was estimated to be zero.

Streamflow for the Sheyenne River at the mouth was estimated to be 
the sum of the streamflow of the Sheyenne River at West Fargo, the Maple 
River at the mouth, and the Rush River at the mouth.

Buffalo River at the Mouth

Streamflow data have not been collected for the Buffalo River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Buffalo River at the mouth for January 1931 through 
December 1984. The Buffalo River near Dilworth was selected as the base 
station. Streamflow record for the Buffalo River near Dilworth is complete 
during the data-development period (1931-84), except for January, February, 
and March 1931. Thus, streamflow for the Buffalo River near Dilworth had 
to be estimated for January, February, and March 1931 before the streamflow 
record could be transferred to the Buffalo River at the mouth. MOVE.l 
(eq. 2) was used to estimate streamflow for the Buffalo River near Dilworth 
for January-March 1931. The Sheyenne River at West Fargo was selected as 
the base station.

The Buffalo River near Dilworth and the Sheyenne River at West Fargo 
had 621 months of concurrent nonzero streamflow record. The cyclic 
equation was used to estimate streamflow for the Buffalo River near 
Dilworth for January and February 1931. The cyclic correlation coefficient
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was 0.72 for both January and February. The noncyclic equation was used to 
estimate streamflow for March 1931. The noncyclic correlation coefficient 
was 0.82. Gaged and estimated streamflow for the Buffalo River near 
Dilworth is listed in supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Buffalo River at the mouth. The Buffalo River near Dilworth was used as 
the base station. A drainage-area ratio of 1,190 square miles/1,040 square 
miles was used. Drainage-area data for the Buffalo River at the mouth, as 
well as drainage-area data for other tributaries to the Red River of the 
North that originate in Minnesota, were supplied by the U.S. Army Corps of 
Engineers, St. Paul District (oral commun., 1986).

Elm River at the Mouth

Streamflow data have not been collected for the Elm River at the mouth. 
The drainage-area ratio method (eq. 1) was used to estimate streamflow for 
the Elm River at the mouth for January 1931 through December 1984. The Elm 
River near Kelso was selected as the base station. Streamflow record for 
the Elm River near Kelso is available for October 1955 through September 
1963, for October 1980 through September 1981, and seasonally for October 
1981 through December 1984. Thus, streamflow for the Elm River near Kelso 
had to be estimated for months when no data were available before the 
streamflow record could be transferred to the Elm River at the mouth. 
MOVE.l (eq. 2) was used to estimate the streamflow for the Elm River near 
Kelso for months when no data were available. The Sheyenne River at West 
Fargo, the Buffalo River near Dilworth, and the Goose River at Hillsboro 
were selected as potential base stations.

The Elm River near Kelso and the Sheyenne River at West Fargo had 53 
months of concurrent nonzero streamflow record, the Elm River near Kelso 
and the Buffalo River near Dilworth had 48 months of concurrent nonzero 
streamflow record, and the Elm River near Kelso and the Goose River at 
Hillsboro had 53 months of concurrent nonzero streamflow record. The 
cyclic correlation coefficients between the Elm River near Kelso and the 
Goose River at Hillsboro were 0.97, 0.96, and 0.84 for March, April, and 
May (table 5). The noncyclic correlation coefficient between the Elm River 
near Kelso and the Sheyenne River at West Fargo was 0.68 and between the 
Elm River near Kelso and the Goose River at Hillsboro was 0.85.

The cyclic equation was used to estimate 108 months of streamflow, all 
during March, April, and May. The Goose River at Hillsboro was used as 
the base station when the cyclic equation was used. The noncyclic equation 
was used to estimate the remaining 414 months of streamflow; the Sheyenne 
River at West Fargo was used as the base station for 46 months and the 
Goose River at Hillsboro was used as the base station for 368 months. The 
Buffalo River near Dilworth was not used to estimate any streamflows. 
Gaged and estimated streamflow for the Elm River near Kelso is listed in 
supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Elm River at the mouth for January 1931 through December 1984. The Elm
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River near Kelso was used as the base station. A drainage-area ratio of 
505 square miles/194 square miles was used.

Wild Rice River at the Mouth

Streamflow data have not been collected for the Wild Rice River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Wild Rice River at the mouth for January 1931 through 
December 1984. The Wild Rice River at Hendrum was selected as the base 
station. Streamflow record for the Wild Rice River at Hendrum is available 
for April 1944 through September 1984. Thus, streamflow for the Wild Rice 
River at Hendrum had to be estimated for January 1931 through March 1944 
and for October through December 1984 before the streamflow record could be 
transferred to the Wild Rice River at the mouth. MOVE.l (eq. 2) was used 
to estimate the streamflow for the Wild Rice River at Hendrum for January 
1931 through March 1944 and for October through December 1984. The 
Sheyenne River at West Fargo and the Buffalo River near Dilworth were 
selected as potential base stations.

The Wild Rice River at Hendrum and the Sheyenne River at West Fargo had 
491 months of concurrent nonzero streamflow record. The Wild Rice River at 
Hendrum and the Buffalo River near Dilworth had 486 months of concurrent 
nonzero streamflow record. The cyclic correlation coefficients between the 
Wild Rice River at Hendrum and the Sheyenne River at West Fargo ranged from 
0.37 in August to 0.70 in April (table 6). Cyclic correlation coefficients 
between the Wild Rice River at Hendrum and the Buffalo River near Dilworth 
ranged from 0.60 in February to 0.91 in April. The noncyclic correlation 
coefficient between the Wild Rice River at Hendrum and the Sheyenne River 
at West Fargo was 0.73 and between the Wild Rice River at Hendrum and the 
Buffalo River near Dilworth was 0.84.

The Sheyenne River at West Fargo was used as the base station to esti 
mate 7 months of streamflow and the Buffalo River near Dilworth was used as 
the base station to estimate 155 months of streamflow. Gaged and estimated 
streamflow for the Wild Rice River at Hendrum is listed in supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Wild Rice River at the mouth for January 1931 through December 1984. The 
Wild Rice River at Hendrum was used as the base station. A drainage-area 
ratio of 1,650 square miles/1,600 square miles was used.

Red River of the North at Halstad, Minnesota

Streamflow record for the Red River of the North at Halstad is inter 
mittent for April 1936 through September 1960. Continuous monthly 
streamflow record is available for June 1961 through December 1984. MOVE.l 
(eq. 2) was used to estimate streamflow for months when no data were 
available. The Red River of the North at Fargo, Grand Forks, and Emerson, 
which have streamflow records available for the entire data-development 
period (1931-84), were selected as potential base stations.

The Red River of the North at Halstad and the base stations had 413 
months of concurrent nonzero streamflow record. The cyclic equation was
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used to estimate streamflow for January through August, for November, and 
for December. The noncyclic equation was used to estimate streamflow for 
September and October. When the cyclic equation was used, the cyclic 
correlation coefficient was 0.93 or greater between the Red River of the 
North at Halstad and the base station selected (table 7). When the 
noncyclic equation was used, the noncyclic correlation coefficient also was 
0.93 or greater between the Red River of the North at Halstad and the base 
station.

The Red River of the North at Fargo was used as the base station to 
estimate streamflow for 135 months when the cyclic equation was used. The 
Red River of the North at Grand Forks was used as the base station to esti 
mate streamflow for 78 months when the cyclic equation was used and for 67 
months when the noncyclic equation was used. The Red River of the North at 
Emerson was not used to estimate any streamflows.

Goose River at the Mouth

Streamflow data have not been collected for the Goose River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Goose River at the mouth for January 1931 through 
December 1984. The Goose River at Hillsboro was selected as the base 
station. Seasonal streamflow record is available for the Goose River at 
Hillsboro for April 1931 through March 1934 and continuous streamflow 
record is available for April 1934 through December 1984. Thus, streamflow 
for the Goose River at Hillsboro had to be estimated for months prior to 
April 1934 when no data were available before the streamflow record could 
be transferred to the Goose River at the mouth. MOVE.l (eq. 2) was used to 
estimate the streamflow for the Goose River at Hillsboro for these months. 
The Sheyenne River at West Fargo was selected as the base station.

The Goose River at Hillsboro and the Sheyenne River at West Fargo had 
608 months of concurrent nonzero streamflow record. The cyclic equation 
was used to estimate streamflow for December, January, and February. The 
noncyclic equation was used to estimate streamflow for March and for July 
through November. No estimates were required for the months of April 
through June because the record for the Goose River at Hillsboro is 
complete. Cyclic correlation coefficients between the Goose River at 
Hillsboro and the Sheyenne River at West Fargo were 0.74 for December and 
January and 0.64 for February. The noncyclic correlation coefficient 
between the Goose River at Hillsboro and the Sheyenne River at West Fargo 
was 0.85. Gaged and estimated streamflow for the Goose River at Hillsboro 
is listed in supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Goose River at the mouth for January 1931 through December 1984. The Goose 
River at Hillsboro was used as the base station. A drainage-area ratio of 
1,170 square miles/1,093 square miles was used.

Marsh River at the Mouth

Streamflow data have not been collected for the Marsh River at the 
mouth. The Marsh River near Shelly gaging station is located about 10
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miles upstream from the mouth. Because little contibuting drainage area is 
added between the gaging station and the mouth of the river, the streamflow 
for the Marsh River at the mouth is considered to be equivalent to the 
streamflow of the Marsh River near Shelly.

Streamflow record for the Marsh River near Shelly is available for 
March 1944 through September 1983. MOVE.l (eq. 2) was used to estimate 
streamflow for the Marsh River near Shelly for January 1931 through 
February 1944 and for October 1983 through December 1984. The Sheyenne 
River at West Fargo, the Buffalo River near Dilworth, the Goose River at 
Hillsboro, and the Park River at Grafton were selected as potential base 
stations.

The Marsh River near Shelly and the Sheyenne River at West Fargo had 
369 months of concurrent nonzero streamflow record, the Marsh River near 
Shelly and the Buffalo River near Dilworth had 363 months of concurrent 
nonzero streamflow record, the Marsh River near Shelly and the Goose 
River at Hillsboro had 367 months of concurrent nonzero streamflow record, 
and the Marsh River near Shelly and the Park River at Grafton had 360 
months of concurrent nonzero streamflow record. The cyclic correlation 
coefficients were relatively poor. The largest coefficients were for 
March, April, and May (table 8). The largest noncyclic correlation 
coefficient was 0.64 between the Marsh River near Shelly and the Buffalo 
River near Dilworth.

The Sheyenne River at West Fargo was used as the base station to esti 
mate 17 months of streamflow, the Buffalo River near Dilworth was used as 
the base station to estimate 136 months of streamflow, the Goose River at 
Hillsboro was used as the base station to estimate 13 months of streamflow, 
and the Park River at Grafton was used as the base station to estimate 7 
months of streamflow.

Sand Hill River at the Mouth

Streamflow data have not been collected for the Sand Hill River at the 
mouth. The Sand Hill River at Climax is located about 4 miles upstream 
from the mouth. Because only about 4 square miles of drainage area is 
added in the reach between the Sand Hill River at Climax and the Sand Hill 
River at the mouth, the streamflow of the Sand Hill River at the mouth is 
considered to be equivalent to the streamflow of the Sand Hill River at 
Climax.

Streamflow record for the Sand Hill River at Climax is available for 
April 1943 through September 1984. MOVE.l (eq. 2) was used to estimate 
streamflow for the Sand Hill River at Climax for January 1931 through March 
1943 and for October through December 1984. The Sheyenne River at West 
Fargo, the Buffalo River near Dilworth, the Goose River at Hillsboro, and 
the Park River at Grafton were selected as potential base stations.

The Sand Hill River at Climax and the Sheyenne River at West Fargo had 
493 months of concurrent nonzero streamflow record, the Sand Hill River at 
Climax and the Buffalo River near Dilworth had 489 months of concurrent 
nonzero streamflow record, the Sand Hill River at Climax and the Goose
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River at Hillsboro had 483 months of concurrent nonzero streamflow record, 
and the Sand Hill River at Climax and the Park River at Grafton had 469 
months of concurrent nonzero streamflow record. The cyclic equation was 
used to estimate streamflow for all months except March, June, and July, 
when the noncyclic equation was used. The largest cyclic correlation 
coefficients generally were between the Sand Hill River at Climax and the 
Goose River at Hillsboro and the Sand Hill River at Climax and the Buffalo 
River near Dilworth (table 9). The largest noncyclic correlation 
coefficient was 0.85 between the Sand Hill River at Climax and the Buffalo 
River near Dilworth.

The Sheyenne River at West Fargo was used as the base station to esti 
mate 9 months of streamflow, the Buffalo River near Dilworth was used as 
the base station to estimate 93 months of streamflow, and the Goose River 
at Hillsboro was used as the base station to estimate 48 months of 
streamflow. The Park River at Grafton was not used to estimate any 
streamflows.

Red Lake River at the Mouth

Streamflow data have not been collected for the Red Lake River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Red Lake River at the mouth for January 1931 through 
December 1984. The Red Lake River at Crookston was used as the base 
station. Streamflow record of the Red Lake River at Crookston is available 
for January 1931 through December 1984, the entire data-development period. 
A drainage-area ratio of 5,750 square miles/5,280 square miles was used.

Red River of the North at Grand Forks, North Dakota

Streamflow record for the Red River of the North at Grand Forks is 
available for January 1931 through December 1984, the entire data- 
development period. Thus, no estimated streamflow data were required for 
this gaging station.

Turtle River at the Mouth

Streamflow data have not been collected for the Turtle River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Turtle River at the mouth for January 1931 through 
December 1984. The Turtle River at Manvel was selected as the base sta 
tion. Streamflow record for the Turtle River at Manvel is available for 
October 1945 through September 1970. Streamflow for the Turtle River at 
Manvel had to be estimated for January 1931 through September 1945 and for 
October 1970 through December 1984 before the streamflow record could be 
transferred to the Turtle River at the mouth. MOVE.l (eq. 2) was used to 
estimate streamflow for the Turtle River at Manvel for January 1931 through 
September 1945 and for October 1970 through December 1984. The Goose River 
at Hillsboro, the Park River at Grafton, and the Pembina River at Neche 
were selected as potential base stations.

The Turtle River at Manvel and the Goose River at Hillsboro had 288 
months of concurrent nonzero streamflow record, the Turtle River at Manvel
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and the Park River at Grafton had 269 months of concurrent nonzero 
streamflow record, and the Turtle River at Manvel and the Pembina River at 
Neche had 291 months of concurrent nonzero streamflow record. The largest 
cyclic and noncyclic correlation coefficients were between the Turtle River 
at Manvel and the Goose River at Hillsboro (table 10). The cyclic equation 
was used to estimate streamflow for April through August and October 
through December. The noncyclic equation was used to estimate streamflow 
for January through March and for September.

The Goose River at Hillsboro was used as the base station to estimate 
301 months of streamflow, the Park River at Grafton was used as the base 
station to estimate 10 months of streamflow, and the Pembina River at Neche 
was used as the base station to estimate 16 months of streamflow. 
Streamflow records indicate that no streamflow occurred at the base sta 
tions for 21 months during 1933-41. Subsequently, streamflow for the 
Turtle River at Manvel for these 21 months was estimated to be zero. Gaged 
and estimated streamflow for the Turtle River at Manvel is listed in 
supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Turtle River at the mouth for January 1931 through December 1984. The 
Turtle River at Manvel was used as the base station. A drainage-area ratio 
of 635 square miles/556 square miles was used.

Forest River at the Mouth

Streamflow data have not been collected for the Forest River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Forest River at the mouth for January 1931 through 
December 1984. The Forest River at Minto was selected as the base station. 
Streamflow record for the Forest River at Minto is available for April 1944 
through December 1984; therefore, streamflow for the Forest River at Minto 
had to be estimated for months prior to April 1944 before the streamflow 
record could be transferred to the Forest River at the mouth.

Streamflow record is available for the Forest River near Minto 
seasonally for April 1932 through September 1935 and continuously for 
October 1935 through September 1944. The Forest River near Minto was used 
as the base station and the drainage-area ratio method was used to estimate 
streamflow for the Forest River at Minto for 20 months during April 1932 
through September 1935 and for October 1935 through March 1944. A 
drainage-area ratio of 620 square miles/486 square miles was used.

The MOVE.l method (eq. 2) was used to estimate the streamflow for the 
Forest River at Minto for the remaining 37 months during January 1931 
through September 1935. The Goose River at Hillsboro, the Park River at 
Grafton, and the Pembina River at Neche were selected as potential base 
stations.

The Forest River at Minto and the Goose River at Hillsboro had 479 
months of concurrent nonzero streamflow record, the Forest River at Minto 
and the Park River at Grafton had 465 months of concurrent nonzero 
streamflow record, and the Forest River at Minto and the Pembina River at
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Neche had 509 months of concurrent nonzero streamflow record. The largest 
cyclic correlation coefficients for April through August, when most of the 
streamflow occurs, were between the Forest River at Minto and the Park River 
at Grafton (table 11). The largest noncyclic correlation coefficient was 
0.79 between the Forest River at Minto and the Goose River at Hillsboro.

The Goose River at Hillsboro was used as the base station to estimate 
14 months of streamflow, the Park River at Grafton was used as the base 
station to estimate 10 months of streamflow, and the Pembina River at Neche 
was used as the base station to estimate 11 months of streamflow. 
Streamflow records indicate that no streamflow occurred at the base sta 
tions for 2 months during the period when estimates were needed for the 
Forest River at Minto. Streamflow was estimated to be zero for the Forest 
River at Minto for these 2 months. Gaged and estimated streamflow of the 
Forest River at Minto is listed in supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Forest River at the mouth. The Forest River at Minto was used as the base 
station. A drainage-area ratio of 913 square miles/620 square miles was 
used.

Snake River at the Mouth

Streamflow data have not been collected for the Snake River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Snake River at the mouth for January 1931 through 
December 1984. The Middle River at Argyle, the Snake River near Argyle, 
and the Snake River at Alvarado were selected as the base stations. 
Streamflow record for the Middle River at Argyle is available for April 
through September 1945 and for October 1950 through December 1984, 
streamflow record for the Snake River near Argyle is available for April 
through September 1945, and streamflow record for the Snake River at 
Alvarado is available for October 1953 through September 1956.

The Middle River at Argyle was used as the base station to estimate 
streamflow for the Snake River at the mouth for January 1931 through March 
1945, for October 1945 through September 1953, and for October 1956 through 
December 1984. Streamflow for the Middle River at Argyle had to be esti 
mated for January 1931 through March 1945 and for October 1945 through 
September 1950 before the streamflow record could be transferred to the 
Snake River at the mouth. MOVE.l (eq. 2) was used to estimate streamflow 
for the Middle River at Argyle for January 1931 through March 1945 and for 
October 1945 through September 1950. The Goose River at Hillsboro, the 
Sand Hill River at Climax, the Park River at Grafton, and the Pembina River 
at Neche, were selected as potential base stations.

The Middle River at Argyle and the Goose River at Hillsboro had 379 
months of concurrent nonzero streamflow record, the Middle River at 
Argyle and the Sand Hill River at Climax had 375 months of concurrent non 
zero streamflow record, the Middle River at Argyle and the Park River 
at Grafton had 364 months of concurrent nonzero streamflow record, and the 
Middle River at Argyle and the Pembina River at Neche had 381 months of 
concurrent nonzero streamflow record. The cyclic correlation coefficients
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were the largest for March, April, and May (table 12). The largest non- 
cyclic correlation coefficients were 0.73 between the Middle River at 
Argyle and the Goose River at Hillsboro and 0.76 between the Middle River 
at Argyle and the Sand Hill River at Climax.

The Goose River at Hillsboro was used as the base station to estimate 
104 months of streamflow, the Sand Hill River at Climax was used as the 
base station to estimate 69 months of streamflow, the Park River at Grafton 
was used as the base station to estimate 26 months of streamflow, and the 
Pembina River at Neche was used as the base station to estimate 11 months of 
streamflow. Streamflow of the Middle River at Argyle was estimated to be zero 
for 21 months during January 1931 through September 1950 because no stream- 
flow occurred at the base stations during those months. Gaged and esti 
mated streamflow for the Middle River at Argyle is listed in supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Snake River at the mouth for January 1931 through March 1945, for October 
1945 through September 1953, and for October 1956 through December 1984. 
The Middle River at Argyle was used as the base station. A drainage-area 
ratio of 950 square miles/265 square miles was used.

Streamflow for the Snake River at the mouth was estimated for April 
through September 1945 to be the combined streamflow of the Middle River at 
Argyle and the Snake River near Argyle, adjusted for drainage area. A 
drainage-area ratio of 950 square miles/746 square miles was used.

Streamflow for the Snake River at the mouth was estimated for October 
1953 through September 1956 to be the combined streamflow of the Middle 
River at Argyle and the Snake River at Alvarado, adjusted for drainage 
area. A drainage-area ratio of 950 square miles/574 square miles was used.

Park River at the Mouth

Streamflow data have not been collected for the Park River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Park River at the mouth for January 1931 through 
December 1984. The Park River at Grafton was selected as the base station. 
Streamflow record for the Park River at Grafton is available for May 1931 
through December 1984. Streamflow for the Park River at Grafton had to be 
estimated for January 1931 through April 1931 before the streamflow record 
could be transferred to the Park River at the mouth. MOVE.l (eq. 2) was 
used to estimate streamflow for the Park River at Grafton for January 1931 
through April 1931. The Sheyenne River at West Fargo and the Pembina River 
at Neche were selected as potential base stations.

The Park River at Grafton and the base stations had 559 months of con 
current nonzero streamflow record. The Sheyenne River at West Fargo was 
used as the base station and the noncyclic equation (correlation coef 
ficient 0.76) was used to estimate streamflow for January. The Sheyenne 
River at West Fargo was used as the base station and the cyclic equation 
(correlation coefficient 0.34) was used to estimate streamflow for February. 
The Pembina River at Neche was used as the base station and the cyclic 
equation was used to estimate streamflow for March and April. The cyclic
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correlation coefficient between the Park River at Grafton and the Pembina 
River at Neche was 0.69 for March and 0.86 for April. Gaged and estimated 
streamflow of the Park River at Grafton is listed in supplement 2.

The drainage-area ratio method was used to estimate streamflow for the 
Park River at the mouth for January 1931 through December 1984. The Park 
River at Grafton was used as the base station. A drainage-area ratio of 
1,010 square miles/695 square miles was used.

Red River of the North at Drayton, North Dakota

Streamflow record of the Red River of the North at Drayton is available 
seasonally for 26 months during April 1936 through March 1949 and contin 
uously for April 1949 through December 1984. MOVE.l (eq. 2) was used to 
estimate streamflow for the remaining 193 months during January 1931 
through March 1949. The Red River of the North at Grand Forks and the Red 
River of the North at Emerson were selected as potential base stations.

The Red River of the North at Drayton and the base stations had 454 
months of concurrent nonzero streamflow record. The cyclic and noncyclic 
correlation coefficients were 0.99 or greater between the Red River of the 
North at Drayton and the base stations (table 13). The cyclic equation was 
used to estimate streamflow for January, for February, and for July through 
December and the noncyclic equation was used to estimate streamflow for 
April and May. Each type of equation was used about an equal number of 
months to estimate streamflow for March and June. The Red River of the 
North at Grand Forks was used as the base station to estimate 180 months of 
streamflow and the Red River of the North at Emerson was used as the base 
station to estimate 13 months of streamflow.

Pembina River at the Mouth

Streamflow data have not been collected for the Pembina River at the 
mouth. The drainage-area ratio method (eq. 1) was used to estimate 
streamflow for the Pembina River at the mouth for January 1931 through 
December 1984. The Pembina River at Neche, the Tongue River at Akra, and 
the Tongue River at Cavalier were selected as the base stations. 
Streamflow record for the Pembina River at Neche is available for the 
entire data-development period. Streamflow record for the Tongue River at 
Akra is available for April 1950 through June 1950, for October 1951 
through September 1982, and seasonally for October 1982 through December 
1984. Streamflow record for the Tongue River at Cavalier is available for 
October 1938 through October 1951.

The Pembina River at Neche was used as the base station to estimate 
streamflow for the Pembina River at the mouth for January 1931 through 
September 1938 and for 13 months during October 1982 through December 1984. 
A drainage-area ratio of 3,950 square miles/3,410 square miles was used.

Streamflow for the Pembina River at the mouth was estimated for October 
1938 through September 1982 and for 14 months during October 1982 through 
December 1984 to be the combined streamflow of the Pembina River at Neche 
and the Tongue River at the mouth. Streamflow data have not been collected
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for the Tongue River at the mouth; therefore, streamflow for the Tongue 
River at the mouth had to be estimated before the streamflow record could 
be transferred to the Pembina River at the mouth.

The drainage-area ratio method (eq. 1) was used to estimate streamflow 
for the Tongue River at the mouth. The Tongue River at Akra and the Tongue 
River at Cavalier were selected as the base stations. When streamflow 
record was available for both the Tongue River at Akra and the Tongue River 
at Cavalier, the Tongue River at Akra was used as the base station. A 
drainage-area ratio of 479 square miles/162 square miles was used when the 
Tongue River at Akra was used as the base station, and a ratio of 479 
square miles/167 square miles was used when the Tongue River at Cavalier 
was used as the base station.

Streamflow for the Pembina River at the mouth for October 1938 through 
September 1982 and for 14 months during October 1982 through December 1984 
was estimated to be the combined streamflow of the Pembina River at Neche 
and the Tongue River at the mouth, adjusted for drainage area. A drainage- 
area ratio of 3,950 square miles/3,889 square miles was used.

Red River of the North at Emerson, Manitoba

Streamflow record for the Red River of the North at Emerson is 
available for January 1931 through December 1984, the entire data- 
development period. Thus, no estimated streamflow data were required at 
this gaging station.

ESTIMATED UNREGULATED STREAMFLOW

Unregulated streamflow, as used in this report, is the streamflow that 
would occur if the hydrologic effects of Lake Ashtabula and surface-water 
withdrawals were eliminated. The hydrologic effects of small ponds and 
reservoirs constructed during the data-development period were not con 
sidered in the computation of unregulated streamflows.

The hydrologic effects of Lake Ashtabula are reflected in the gaged and 
estimated streamflow record only for sites downstream of Baldhill Dam. The 
hydrologic effects of Lake Ashtabula are discussed in the section on unreg 
ulated streamflow for the Sheyenne River below Baldhill Dam.

Surface-water withdrawals include water for irrigation, industrial, and 
municipal use. Surface-water withdrawals were obtained from the North 
Dakota State Water Commission (Craig Odenbach, written commun., 1986) and 
the Minnesota Department of Natural Resources (Gil Young, written commun., 
1987).

The North Dakota State Water Commission has recorded the surface-water 
withdrawals reported by water users since 1965. Surface-water withdrawals 
reported for 1976-84 are the most reliable, according to the North Dakota 
State Water Commission, and were used in this study. Monthly withdrawals 
prior to 1976 were estimated by applying a linear adjustment to the average
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monthly withdrawal for 1976-84. The linear adjustment is directly propor 
tional to an annual increase or decrease in the permitted withdrawals.

The Minnesota Department of Natural Resources has readily accessible 
data for surface-water withdrawals since 1981. Actual reported withdrawals 
were used for 1981-84. Monthly withdrawals prior to 1981 were estimated by 
applying the method described for North Dakota to the average monthly 
withdrawal for 1981-84. Estimated and reported surface-water withdrawals 
for 21 river reaches or tributaries in the Red River of the North basin are 
listed in supplement 3. Estimated unregulated streamflow for 29 sites in 
the Red River of the North basin is listed in supplement 4.

Red River of the North at Fargo, North Dakota

Unregulated streamflow for the Red River of the North at Fargo was 
considered to be equal to the gaged streamflow. Removing the hydrologic 
effects of numerous reservoirs in the Red River of the North basin upstream 
from Fargo is beyond the scope of this study. The effects of reported 
surface-water withdrawals on streamflow are small compared to the effects 
caused by reservoir regulation and, therefore, they were not considered 
for estimating unregulated streamflow.

Sheyenne River above Harvey, North Dakota

Unregulated streamflow for the Sheyenne River above Harvey was con 
sidered to be equal to the gaged and estimated streamflow because no 
surface-water withdrawals have been recorded between the headwaters of the 
Sheyenne River and the Sheyenne River above Harvey.

Sheyenne River near Warwick, North Dakota

Unregulated streamflow for the Sheyenne River near Warwick was 
estimated by adding surface-water withdrawals that occurred between the 
Sheyenne River above Harvey and the Sheyenne River near Warwick to the 
gaged and estimated streamflow for the Sheyenne River near Warwick.

Sheyenne River near Cooperstown, North Dakota

The following equation was used to estimate unregulated streamflow for 
the Sheyenne River near Cooperstown:

Qu-co = Qco + (Qu-wa - Qwa) + Qsw ( 4 ) 
where

Qu-co - unregulated streamflow of the Sheyenne River near 
Cooperstown, in cubic feet per second;

Qco - gaged and estimated streamflow of the Sheyenne River 
near Cooperstown, in cubic feet per second;

Qu-wa - unregulated streamflow of the Sheyenne River near 
Warwick, in cubic feet per second;

Qwa - 9a9ed and estimated streamflow of the Sheyenne River
near Warwick, in cubic feet per second; and 

- surface-water withdrawals between the Sheyenne 
River near Cooperstown and the Sheyenne River 
near Warwick, in cubic feet per second.

35



Baldhill Creek at the Mouth

Unregulated streamflow for Baldhill Creek at the mouth was considered to 
be equal to the gaged and estimated streamflow of Baldhill Creek at the 
mouth because no surface-water withdrawals have been recorded for Baldhill 
Creek.

Sheyenne River below Baldhill Dam, North Dakota

The unregulated streamflow for sites on the main stem of the Sheyenne 
River below Baldhill Dam, as well as for sites on the main stem of the Red 
River of the North downstream from the Sheyenne River at the mouth, was 
estimated by removing the effects of Lake Ashtabula and by adding surface- 
water withdrawals that occurred in upstream reaches and tributary rivers.

Water-balance procedures were used to remove the hydrologic effects of 
Lake Ashtabula on streamflow for sites on the main stems of the Sheyenne 
River and the Red River of the North. The following equation was used to 
compute the hydrologic effects of Lake Ashtabula on monthly streamflow:

Qja = S + EA - PA, (5) 
where

Qja = streamflow resulting from removal of the effects of Lake
Ashtabula, in acre-feet;

S = change is reservoir storage, in acre-feet; 
E - lake evaporation, in feet; 
A - reservoir water-surface area, in acres; and 
P = precipitation falling on the reservoir water-surface area, 

in feet.
The change in storage in Lake Ashtabula was obtained from U.S. Geological 
Survey reports (U.S. Geological Survey, 1959, 1964, 1971, 1971-86, 1973).

Lake evaporation data are not available for Lake Ashtabula; therefore, 
pan evaporation data were used to estimate lake evaporation. Pan evapora 
tion data from the nearest station where data were available, the U.S. 
Weather Service station at Fargo (Station Index No. 2859), were used to 
compute pan evaporation for Lake Ashtabula. Class A pan evaporation data 
are available intermittently for April through September 1963-80 and 
temperature data are available for 1931-84 for the U.S. Weather Service 
station at Fargo (U.S. Department of Commerce, National Oceanic and 
Atmospheric Administration, Environmental Data Service, 1932-85). Monthly 
mean maximum and monthly mean minimum temperatures at Fargo for 1963-80 
were correlated with monthly pan evaporation at Fargo for 1963-80. A 
correlation coefficient of 0.86 was computed and the following regression 
equation was obtained:

Ep = 0.383(7^) - 0.252(7^/0) - 8.663, (6) 
where

Ep - estimated pan evaporation for the month, in inches; 
'max - monthy mean maximum temperature at Fargo, in degrees

Fahrenheit; and
7/777/7 = monthly mean minimum temperature at Fargo, in degrees 

Fahrenheit.

36



The standard error of estimate for equation 6 is 0.99 inches, or the 
standard error of the mean pan evaporation is 14 percent. Pan evaporation 
for missing monthly values for May through September 1931-84 was computed 
using equation 6.

Pan evaporation normally is not collected for October through April, 
when freezing is likely to occur; therefore, pan evaporation was estimated 
for October through April by use of a method presented by the Soil 
Conservation Service in the Hydrology Manual for North Dakota (U.S. 
Department of Agriculture, no date). The percentage of the mean annual pan 
evaporation that can be expected to occur in any given month is listed in 
table 14. The monthly percentage was applied to the mean annual pan 
evaporation of 41 inches for Lake Ashtabula to compute the monthly mean pan 
evaporation for each month (U.S. Department of Agriculture, no date).

A pan coefficient was used to convert pan evaporation to lake evapora 
tion. The pan coefficient for Lake Ashtabula is 0.75 (U.S. Department of 
Agriculture, no date). It should be noted that the pan to lake coefficient 
is intended to convert annual pan evaporation to annual lake evaporation 
and should be used with caution in lake water-balance studies (Winter, 
1981). Determination of lake evaporation by energy budget or mass transfer 
methods is beyond the scope of this study; therefore, the pan coefficient 
method is the best method available to estimate lake evaporation. 
Estimated evaporation from Lake Ashtabula for 1931-84 is listed in 
table 15.

Reservoir water-surface area for Lake Ashtabula was obtained from area- 
capacity curves (U.S. Department of the Army, Corps of Engineers, 1983).

Table 14.--Percentage of mean annual evaporation, by month 

[From U.S. Department of Agriculture, (no date), p. 8-5]

Month Percentage of mean annual evaporation

January
February
March
April
May
June
July
August
September
October
November
December

0.75
.95

2.30
5.85
10.33
13.57
18.59
20.16
14.95
8.53
3.00
1.02

37



Ta
bl
e 
15
. 
Es
ti
ma
te
d 

ev
ap
or
at
io
n.
 
1n

 I
nc
he
s,
 
fr

om
 L

ak
e 
As

ht
ab

ul
a.
 
19
31
-8
4

Ye
ar

19
31

19
32

19
33

19
34

19
35

19
36

19
37

19
38

19
39

19
40

19
41

co
 

19
42

05
 

19
43

19
44

19
45

19
46

19
47

19
48

19
49

19
50

19
51

19
52

19
53

19
54

19
55

19
56

19
57

19
58

19
59

19
60

Ja
n.

0.
23 .2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

Fe
b.

0.
29 .2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

Ma
r.

0.
71 .7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

Ap
r.

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

Ma
y

4.
42

5.
00

4.
04

6.
83

3.
56

5.
78

4.
14

3.
36

6.
92

5.
27

5.
29

3.
56

3.
93

4.
43

3.
92

4.
03

3.
83

5.
37

5.
86

2.
98

5.
67

5.
66

4.
32

4.
12

5.
39

4.
42

4.
90

5.
86

4.
61

6.
14

Ju
ne

5.
69

5.
69

7.
04

4.
93

4.
25

5.
59

4.
73

5.
49

5.
21

6.
06

5.
03

4.
16

4.
44

5.
12

4.
63

5.
49

4.
25

4.
92

6.
74

6.
07

4.
91

5.
98

4.
83

5.
12

5.
12

5.
90

4.
82

4.
52

5.
60

5.
39

Ju
ly

6.
28

6.
47

6.
66

6.
75

6.
10

8.
02

5.
99

6.
56

7.
52

7.
23

6.
56

6.
17

6.
09

5.
51

6.
17

5.
90

6.
47

5.
90

7.
13

6.
08

6.
36

5.
99

5.
79

5.
99

5.
81

5.
12

6.
57

5.
31

6.
47

7.
13

Au
g.

5.
60

6.
08

6.
46

5.
79

5.
41

6.
18

6.
47

7.
70

7.
04

5.
03

5.
99

5.
60

5.
99

5.
31

5.
89

6.
17

6.
66

6.
27

6.
75

6.
07

4.
54

6.
08

5.
99

5.
89

6.
28

5.
89

5.
22

6.
17

6.
28

6.
56

Se
pt

.

5.
78

4.
91

5.
39

3.
94

4.
91

5.
78

4.
72

5.
87

6.
24

6.
35

4.
24

4.
04

4.
42

3.
95

4.
23

4.
04

4.
81

6.
26

5.
25

5.
10

3.
85

5.
96

5.
19

3.
57

5.
38

4.
90

3.
95

4.
82

4.
72

5.
77

Oc
t.

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

No
v.

0.
93 .9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

De
c.

0.
32 .3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2



Ta
bl
e 
15
. 
Es
ti
ma
te
d 

ev
ap
or
at
io
n,
 
1n

 I
nc
he
s,
 
fr
om
 L

ak
e 
As

ht
ab

ul
a,

 
19
31
-8
4 
Co
nt
in
ue
d

Ye
ar

19
61

19
62

19
63

19
64

19
65

19
66

19
67

19
68

19
69

19
70

19
71

u>
 

19
72

<°
 

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

Ja
n.

0.
23 .2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

.2
3

Fe
b.

0.
29 .2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

.2
9

Ma
r.

0.
71 .7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

.7
1

Ap
r.

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

3.
80

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

1.
81

Ma
y

5.
37

3.
28

6.
88

7.
01

4.
14

5.
75

5.
72

4.
16

6.
04

3.
56

4.
99

4.
17

5.
57

2.
51

4.
52

6.
26

5.
35

5.
66

3.
62

7.
29

4.
61

3.
95

4.
51

5.
17

Ju
ne

7.
13

4.
73

5.
22

5.
78

6.
11

6.
52

5.
19

5.
87

4.
75

6.
27

4.
55

6.
71

6.
60

6.
83

4.
74

6.
77

6.
29

5.
28

5.
21

5.
06

4.
34

5.
19

4.
93

4.
45

Ju
ly

6.
56

5.
22

6.
23

7.
49

5.
97

6.
66

7.
00

6.
42

6.
06

8.
07

5.
78

5.
37

7.
94

7.
21

6.
81

7.
10

3.
95

5.
54

5.
51

6.
05

5.
42

5.
90

5.
90

6.
09

Au
g.

7.
81

6.
47

5.
79

6.
18

5.
41

4.
51

6.
93

5.
51

7.
58

6.
49

6.
68

5.
22

6.
08

4.
58

5.
57

7.
97

3.
29

6.
29

4.
05

4.
80

5.
51

5.
89

6.
56

6.
57

Se
pt

.

4.
42

4.
81

5.
48

4.
29

2.
07

3.
92

5.
51

3.
89

4.
11

4.
76

3.
69

3.
80

3.
38

4.
89

3.
08

5.
30

3.
95

4.
16

4.
96

4.
52

5.
28

4.
81

4.
23

4.
02

Oc
t.

2.
64

2.
64

3.
83

3.
23

2.
83

2.
76

2.
64

2.
18

2.
17

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

No
v.

0.
93 .9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

.9
3

De
c.

0.
32 .3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2

.3
2



Monthly precipitation falling on the reservoir water-surface area was 
estimated from precipitation records at Valley City and Cooperstown. 
Valley City is located about 8 miles southeast of Baldhill Dam and 
Cooperstown is located about 14 miles northwest of where the Sheyenne River 
flows into Lake Ashtabula. The precipitation falling on Lake Ashtabula was 
estimated to be the mean of the precipitation recorded at Valley City and 
Cooperstown each month for April 1931 through December 1984. Valley City 
precipitation data were the only data available for January, February, and 
March 1931. Estimated monthly precipitation falling on Lake Ashtabula for 
1931-84 is listed in table 16.

Unregulated streamflow for the Sheyenne River below Baldhill Dam was 
estimated for two time periods, prior to completion of Baldhill Dam 
(January 1931 through July 1949) and after completion of Baldhill Dam 
(August 1949 through December 1984). Unregulated streamflow for January 
1931 through July 1949 was estimated by adding surface-water withdrawals 
for reaches of the Sheyenne River upstream from Baldhill Dam to the gaged 
and estimated streamflow of the Sheyenne River below Baldhill Dam. The 
following equation was used:

Qu-bh « Qbh + Qsw-co + Qsw-wa* ( 7 ) 
where

Qu-bh - unregulated streamflow of the Sheyenne River below 
Baldhill Dam, in cubic feet per second;

Qbh - gaged and estimated streamflow of the Sheyenne River 
below Baldhill Dam, in cubic feet per second;

Qsw-co - surface-water withdrawals between the Sheyenne River 
near Cooperstown and the Sheyenne River near 
Warwick, in cubic feet per second; and

Qsw-wa - surface-water withdrawals from the Sheyenne River 
near Warwick to the headwaters of the Sheyenne 
River, in cubic feet per second.

Unregulated streamflow of the Sheyenne River below Baldhill Dam for 
August 1949 through December 1984 was computed by use of equation 7, except 
streamflow resulting from removal of the effects of Lake Ashtabula also was 
included. Equation 7 was rewritten as follows:

Qu-bh   Qbh + Qsw-co + Qsw-wa + QlaIF > ( 8 ) 
where

Q]a - streamflow resulting from removal of the effect of Lake
Ashtabula from equation 5, in acre-feet; and 

F = factor for converting acre-feet to cubic feet per second.
The conversion factor, f, is 61.488 for months with 31 days, 59.504 for 
months with 30 days, 57.521 for February during leap years when it has 29 
days, and 55.537 for February when it has 28 days.

Computation of estimated unregulated streamflow for the Sheyenne River 
below Baldhill Dam, when using equation 8, resulted in negative values for 
34 months during August 1949 through December 1984. The computed negative 
streamflows probably resulted from errors associated with the data used in 
water-balance procedures. Streamflows for the 34 months that had computed 
negative values were set to equal the sum of unregulated streamflows of
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Baldhill Creek at the mouth and the Sheyenne River near Cooperstown. The 
sum of these unregulated streamflows is considered to represent streamflow 
that probably would have occurred had Baldhill Dam not been constructed.

Main-stem Stations or Sites from the Sheyenne River at Valley City, 
North Dakota, to the Red River of the North at Emerson, Manitoba

Unregulated streamflow for the: (1) Sheyenne River at Valley City, (2) 
Sheyenne River at Lisbon, (3) Sheyenne River near Kindred, (4) Sheyenne 
River at West Fargo, (5) Sheyenne River at the mouth, (6) Red River of the 
North at Halstad, (7) Red River of the North at Grand Forks, (8) Red River 
of the North at Drayton, and (9) Red River of the North at Emerson was com 
puted by use of the following equation:

Qu-sta = Qsta + (Qu-stau - Qstau) + QSW + (Qut - Qt)> (9) 
where

Qu-sta = unregulated streamflow for the station of interest, in
cubic feet per second; 

Qsta = gaged and estimated streamflow for the station of
interest, in cubic feet per second; 

Qu-stau = unregulated streamflow for the station immediately
upstream of the station of interest, in cubic feet per
second; 

Qstau = gaged and estimated streamflow for the station
immediately upstream of the station of interest,
in cubic feet per second; 

QSW s surface-water withdrawals occurring between the
station of interest and the station immediately
upstream, in cubic feet per second; 

Qut   unregulated streamflow for tributary inflow between
the station of interest and the station immediately
upstream, in cubic feet per second; and 

Qt s Qaged and estimated streamflow for tributary
inflow between the station of interest and the station
immediately upstream, in cubic feet per second.

Errors associated with water-balance procedures resulted in negative 
streamflow values for 10 months for the Sheyenne River at Valley City, 18 
months for the Sheyenne River at Lisbon, 7 months for the Sheyenne River 
near Kindred, and 9 months for the Sheyenne River at West Fargo. 
Streamflow for these four stations was set at zero for months that had com 
puted negative values.

Tributaries to the Sheyenne River, Downstream from Baldhill Dam, 
and the Red River of the North

Estimated unregulated streamflow for rivers that are tributary to the 
Sheyenne River and the Red River of the North was computed by adding 
surface-water withdrawals to the gaged and estimated streamflow. The 
following equation was used. The Maple River is used as an example in the 
equation.

Qu-ma - Qma + Qsw-ma> 
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where
Qu-ma = unregulated streamflow for the Maple River at the

mouth, in cubic feet per second; 
Qma = 9a9ed and estimated streamflow for the Maple River at

the mouth, in cubic feet per second; and 
Qsw-ma = surface-water withdrawals from the Maple River,

in cubic feet per second.

Equation 10 was used to compute estimated unregulated streamflow for 
the following tributaries at the indicated sites: (1) Maple River at the 
mouth, (2) Rush River at the mouth, (3) Buffalo River at the mouth, 
(4) Elm River at the mouth, (5) Wild Rice River at the mouth, (6) Goose 
River at the mouth, (7) Marsh River at the mouth, (8) Sand Hill River at 
the mouth, (9) Red Lake River at the mouth, (10) Turtle River at the mouth, 
(11) Forest River at the mouth, (12) Snake River at the mouth, (13) Park 
River at the mouth, and (14) Pembina River at the mouth.

COMPARISON OF GAGED AND ESTIMATED STREAMFLOW 
AND ESTIMATED UNREGULATED STREAMFLOW

Gaged and estimated streamflow for all sites for 1931-49 was almost 
equal to estimated unregulated streamflow. The differences reflect 
surface-water withdrawals. Generally, surface-water withdrawals were small 
relative to streamflow for 1931-49. Gaged and estimated streamflow for 
sites upstream from Lake Ashtabula and for tributaries of the Sheyenne 
River and the Red River of the North for 1950-84 was about equal to esti 
mated unregulated streamflow. The difference between gaged streamflow and 
estimated unregulated streamflow for the Sheyenne River below Baldhill Dam 
for 1950-84 is representative of the difference for all of the sites on the 
main stem of the Sheyenne River and the main stem of the Red River of the 
North downstream from Lake Ashtabula.

Mean annual gaged streamflow for the Sheyenne River below Baldhill Dam 
for 1950-84 was 9,175 acre-feet less than the mean annual estimated unregu 
lated streamflow. The annual gaged streamflow and the annual estimated 
unregulated streamflow for the Sheyenne River below Baldhill Dam for 
1950-84 are shown in figure 1. Annual gaged streamflow ranged from 43,596 
acre-feet less than annual estimated unregulated streamflow to 2,537 acre- 
feet more than annual estimated unregulated streamflow. The greatest dif 
ference between annual gaged streamflow and annual estimated unregulated 
streamflow (43,596 acre-feet) occurred in 1952. Prior to April 1952, the 
storage in Lake Ashtabula was held to less than 20,000 acre-feet. In April 
1952, the storage in Lake Ashtabula increased from 18,600 acre-feet to 
52,250 acre-feet (a change of 33,650 acre-feet). The change in Lake 
Ashtabula storage accounts for the majority of the difference in annual 
gaged streamflow and annual estimated unregulated streamflow in 1952.

The difference between mean annual gaged streamflow and mean annual 
estimated unregulated streamflow can be accounted for by: (1) Net evapora 
tion losses from Lake Ashtabula, (2) errors associated with measurement of 
stage (storage) of Lake Ashtabula, and (3) errors associated with measure 
ment of upstream surface-water withdrawals. Net evaporation losses from
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Lake Ashtabula account for the majority of the difference between gaged 
streamflow and estimated unregulated streamflow. Reported monthly surface- 
water withdrawals above Lake Ashtabula were small relative to monthly 
streamflow and accounted for a small percentage of the difference between 
gaged and estimated unregulated streamflow.

Mean gaged streamflow is greater than mean estimated unregulated 
streamflow in September through February when water stored during spring 
runoff is being released from Lake Ashtabula. Mean gaged streamflow is 
less than mean estimated unregulated streamflow in March, April, and May 
when spring runoff is being stored in Lake Ashabula. Mean gaged streamflow 
is about equal to mean estimated unregulated streamflow in June, July, and 
August. Mean monthly gaged streamflow and mean monthly estimated unregu 
lated streamflow for the Sheyenne River below Baldhill Dam for 1950-84 are 
shown in figure 2.

SUMMARY

Operation of the Garrison Diversion Unit in North Dakota may have 
various effects on the quantity and quality of streamflow in the Sheyenne 
River and the Red River of the North. To model the effects that the 
Garrison Diverson Unit could have on water quantity, the U.S. Bureau of 
Reclamation Project Canals, Reservoirs, and River Systems model was 
selected to simulate the different hydrologic conditions that could occur 
during operation of the Garrison Diversion Unit. The model uses, as input 
data, the monthly unregulated streamflow for 29 sites in the Red River of 
the North basin, 12 of which are in the Sheyenne River basin.

Streamflow data were compiled and estimated, when streamflow data were 
not available, to develop a complete monthly streamflow record for 1931-84 
(data-development period) for 29 sites in the Red River of the North basin. 
Gaged streamflow records were available for January 1931 through December 
1984 for only 4 sites; no records or records of various length were 
available for the remaining 25 sites. The drainage-area ratio method and 
the Maintenance of Variance Extension Type 1 (MOVE.l) method were used to 
estimate streamflows for months for which data were not available.

Streamflow record for the Red River of the North at Fargo is 
available for the entire data-development period, 1931-84.

The drainage-area ratio method was used to estimate streamflows for 
months for which data were not available for the Sheyenne River above Harvey, 
the Sheyenne River near Warwick, and the Sheyenne River near Cooperstown.

The drainage-area ratio method was used to estimate streamflow for 
Baldhill Creek at the mouth. The Sheyenne River at West Fargo, the 
Sheyenne River at Valley City, the Sheyenne River near Cooperstown, and 
Baldhill Creek near Dazey were used as base stations for various periods of 
data-development. MOVE.l was used to complete the streamflow record 
for Baldhill Creek near Dazey.

The drainage-area ratio method was used to estimate streamflows for 
months for which data were not available for the Sheyenne River below
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Baldhill Dam, the Sheyenne River at Valley City, the Sheyenne River at 
Lisbon, and the Sheyenne River near Kindred. Streamflow record for the 
Sheyenne River at West Fargo is available for the entire data-development 
period, 1931-84.

The drainage-area ratio method was used to estimate streamflows for the 
Maple River at the mouth and the Rush River at the mouth. The Maple River 
near Mapleton and the Rush River at Amenia were selected as base stations 
to estimate the Streamflow for each respective river at the mouth. MOVE.l 
was used to complete the Streamflow records for the Maple River near 
Mapleton and the Rush River at Amenia.

Streamflow for the Sheyenne River at the mouth was estimated to be the 
sum of the Streamflow of the Sheyenne River at West Fargo, the Maple River 
at the mouth, and the Rush River at the mouth.

The drainage-area ratio method was used to estimate streamflows for 
the Buffalo River at the mouth, the Elm River at the mouth, and the Wild 
Rice River at the mouth. The Buffalo River near Dilworth, the Elm River 
near Kelso, and the Wild Rice River at Hendrum were selected as the base 
stations for each respective river. MOVE.l was used to complete the 
Streamflow record for each of the base stations.

MOVE.l was used to estimate Streamflow for the Red River of the North 
at Halstad for months when Streamflow data were not available. The Red 
River of the North at Fargo and the Red River of the North at Grand Forks 
were selected as the base stations.

The drainage-area ratio method was used to estimate Streamflow for the 
Goose River at the mouth. The Goose River at Hillsboro was selected as the 
base station. MOVE.l was used to complete the Streamflow record for the 
Goose River at Hillsboro.

Streamflows for the Marsh River at the mouth and the Sand Hill River at 
the mouth were estimated to be equivalent to the streamflows for the Marsh 
River near Shelly and the Sand Hill River at Climax. MOVE.l was used to 
complete the Streamflow records for the Marsh River near Shelly and the 
Sand Hill River at Climax.

The drainage-area ratio method was used to estimate Streamflow for the 
Red Lake River at the mouth. The Red Lake River at Crookston was used as 
the base station. Streamflow record for the Red Lake River at Crookston is 
available for the entire data-development period, 1931-84.

Streamflow record for the Red River of the North at Grand Forks is 
available for the entire data-development period, 1931-84.

The drainage-area ratio method was used to estimate streamflows for the 
Turtle River at the mouth and the Forest River at the mouth. The Turtle 
River at Manvel and the Forest River at Minto were selected as the base 
stations for each respective river. MOVE.l was used to complete the 
Streamflow record for the Turtle River at Manvel and the Forest River at 
Minto.
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The drainage-area ratio method was used to estimate streamflow for the 
Snake River at the mouth. The Middle River at Argyle, the Snake River near 
Argyle, and the Snake River at Alvarado were selected as the base stations. 
MOVE.l was used to complete the streamflow record for the Middle River at 
Argyle for months when streamflow data were not available at the base 
stations.

The drainage-area ratio method was used to estimate streamflow for the 
Park River at the mouth. The Park River at Grafton was selected as the 
base station. MOVE.l was used to complete the streamflow for the Park 
River at Grafton for months when streamflow data were not available.

MOVE.l was used to estimate streamflow for months when data were not 
available for the Red River of the North at Drayton. The Red River of the 
North at Grand Forks and the Red River of the North at Emerson were 
selected as the base stations.

The drainage-area ratio method was used to estimate streamflow for the 
Pembina River at the mouth. The Pembina River at Neche was used as the 
base station to estimate streamflow for January 1931 through September 1938 
and for 13 months during October 1982 through December 1984. Streamflow 
for October 1938 through September 1982 and for 14 months during October 
1982 through December 1984 was estimated to be the combined streamflow of 
the Pembina River at Neche and the Tongue River at the mouth (the Tongue 
River is tributary to the Pembina River), adjusted by use of the drainage- 
area ratio method. Streamflow record is available for the Pembina River at 
Neche for 1931-84, but no streamflow record is available for the Tongue 
River at the mouth. The drainage-area ratio method was used to estimate 
streamflow for the Tongue River at the mouth. The Tongue River at Akra and 
the Tongue River at Cavalier were selected as the base stations.

Streamflow record for the Red River of the North at Emerson is 
available for the entire data-development period, 1931-84.

Unregulated streamflow for 29 sites in the Red River of the North 
basin was estimated by removing the hydrologic effects of Lake Ashtabula 
and surface-water withdrawals such as irrigation, industrial, and municipal 
use. The hydrologic effects of Lake Ashtabula are reflected in the 
streamflow record only for gaging stations downstream of Baldhill Dam.

Estimated unregulated streamflow of the Red River of the North at Fargo 
is considered to be equal to the gaged streamflow.

Estimated unregulated streamflow for the Sheyenne River above Harvey is 
considered to be equal to the gaged and estimated streamflow for the 
Sheyenne River above Harvey because no surface-water withdrawals were 
reported between the headwaters of the Sheyenne River and the Sheyenne 
River above Harvey. Unregulated streamflows for the Sheyenne River near 
Warwick and the Sheyenne River near Cooperstown were estimated by adding 
reported surface-water withdrawals above each respective site to the gaged 
and estimated streamflow.
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Estimated unregulated streamflow for Baldhill Creek at the mouth is 
considered to be equal to the gaged and estimated streamflow for Baldhill 
Creek at the mouth.

Unregulated streamflow for sites on the main stem of the Sheyenne 
River below Baldhill Dam and on the main stem of the Red River of the North 
was estimated by removing the hydrologic effects of Lake Ashtabula and by 
adding all surface-water withdrawals that were reported upstream from each 
site. Water-balance procedures were used to remove the hydrologic effects 
of Lake Ashtabula. The procedure used included: Change in reservoir 
storage, lake evaporation, reservoir water-surface area, and precipitation 
falling on the reservoir water-surface area.

Unregulated streamflow for all tributaries was estimated by adding 
the surface-water withdrawals that occurred upstream from the mouth of the 
tributary to the gaged and estimated streamflow for each respective 
tributary.

Gaged and estimated streamflow and estimated unregulated streamflow 
for 1931-49 were about equal for all sites. Gaged and estimated 
streamflow and estimated unregulated streamflow for 1950-84 were about 
equal for sites upstream from Lake Ashtabula and for tributaries of the 
Sheyenne River and the Red River of the North. The difference between 
gaged streamflow and estimated unregulated streamflow for 1950-84 for the 
Sheyenne River below Baldhill Dam is representative of the difference for 
all of the sites on the main stem of the Sheyenne River and the main stem 
of the Red River of the North downstream from Lake Ashtabula.

Mean annual gaged streamflow for the Sheyenne River below Baldhill Dam 
was 9,175 acre-feet less than the mean annual estimated unregulated 
streamflow for 1950-84, when Baldhill Dam was in operation. Net evapora 
tion losses from Lake Ashtabula account for the majority of the difference 
between gaged streamflow and estimated unregulated streamflow. Reported 
monthly surface-water withdrawals above Lake Ashtabula were small relative 
to monthly streamflow and accounted for a small percentage of the dif 
ference between gaged and estimated unregulated streamflow.
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Ôl
<o

C3 

1

ipplement 1

vt

o
<D
0

>

+J

8 

+j
0) 

00

O)

< 

>>
3  -*

0)

=1  -*

s

u!
$

L!

 &
U-

c
 -3 

S

+j
3

E 

0) 
-+->

+J 
<0

1_
> 

CK
0)"a 
<o

0)
+ *

£
 a

0o
0) 
to

L_ 
0) 
Q.
+J 
0)
<r-

u 
!5 
o
c

streamflow,

§o
rH

L_ 
0)

o
0) 
Q

f 
Ol

£
+j
rH 
CO 
O 
rH

£ 
<0

<0<-> 

 o
0)+J
(0

+J
vt 
UJ

CO xT 00 CO 00 
rH XT rHU> CO

rH

in rHin in in 
in co is. in CM
rHCM rHCM

COCOCOOCO 
XTIS.OOXT

O rH

IS. rHCO CO CM 
CMCOOinCO

O CM

IS. CO CO 00 CO 
rHCMrH CMOO

rH rH

inxToin co
IS. 00 CM rH 00

O CMrH O

CO rH XT CO CO 
CO IS. xT CO IS.

rHCO xT CM IS. 
rH rH

IS. CO XTIS.O
in rHCO xt XT
in csio co XT

COCM CM 

O O O O is.

CM CO XT rHCO 
COrHOin CO 

CMrH

IS. rH CMO in 
IVOOCOOrH

rHin OCMO 
rHCOCO IS. 

COrH

IS.OCMOCO
CMrHrHOO

OCO

rHOOcsi in
O OO rH

O O

rHCM CO XT in 
CO CO CO CO CO
o o o o o

CM CM in xT IS. 
CO CO rHCMrH

co coo in -«t oomis.co
rHrH

xT xT (O CM in 
rHrHO OO

OOOxTCOrH 
OCOrHOO

rH

oo rHin in is. 
omooxr

COrH xT

00 xT IS. xT in 
COOCMinrH

rH 

CMO CO CO CO
ococooo
COOrHCOCM

xt in oco CM 
rHin oo xt
OOOIS. CM CM 
rHrH rH

xt co rs XT in
COrH LOO CO

coo CM in co
IS. xT CM IS. xT 
rH rH

CO rHrH CO CM 
COxTOxTO

COxT 
COrH 

rH

xT xT CM xT rH 
OOOOO

CM CO rHrH CSJ 
OOOOO

COIS.COOO 
CO CO CO CO xT
o o o o o

co co co co in
xT CM CO CMOO

CM rHrH in 

is. 00 00 CO XT
rs CM CM co in
CO CO CM in CM 

rH

CO CM CM CO CO 
CO CO CO xT xT

COrH in rH 

CM rHCO xT rH
co in co rs in
CMCM O 

rH

OCO CM CO xT 
rHCOOOCO

rHCO rHCO CO 
rH

oino coo 
co CM rs, oco
OOIS.COCO 
rHrH COrH

CO rHrH in CM
OXT coooo
in CM co in is.
CO CO 00 CMrH

COin CMOrH 
OCO rH IS. CM

00 rH OOOIS. 
rH 00 CO CO CM

rHCOO rHO> 
rHCO CO CO CM

rHrs.rs.coco
CM CM rHCOO 
xT CMrH

rHrHOCMCO 
O CM CO CO CO

LOO rH rHO 
CM <O O 

CM rH

CO CM OCO 
OOrHO

O

rHCO CO OCO 
OOrHOCO

rHCM CO XT in 
xT XT xT xT xT 
O) O) O) O) O)

00 (00) 00 IN. 
COOOOOxT

cMOOinco 
oocooco
Lorsco csj co

XT rs in rHco 
XT in is, in <o
(O CSJ XT

xTCOIs, <O 
rH COCO CO

xTrHOCSI

xTorsinco
O rHOOCMO

rHO) CO 

COCOOxTO
IS.COOCQXT
XTOXTIS.O 

rHrH IS,

CSJ CO CO rH CSJ 
rHrHOlS.00

OrHrHOOCSJ 
rHOQCSj 00 

CO

CSJ CO O> CO COinococoxT
o> xrinco o>

CO in rH CO
CO

IS. <O CSJ IV XT 
COxTCOCOO

inrHOin o 
is, CM in csjo 

om csjo« «
rH rH

in co co is, is,
CMOOOCOO

in o> coo CM
CMO 0> 
rH rH

co in 
o co

o oo

rH xTO> XT XT

CSJ

cor-xcooo
xT xT xT xT in 
O> O> O> O) O

csj in oo o> oo
00 rH in CM CO

co csj in co 

cnoirxxTin
in 00 CO CO rH

CO rH CO CO CM

oo coinis.
0> CO CO CO

xTO

CD i-l CM O O 
<OO O> xT CO

rH rHCO 
rH

O O) COCO CO
in int-ir>.cM
<o in CMO

in rH 

rH 00 CO CO T
coin XT o> csj
CSJ CSJ 00 CO CO 
rH in CO rHCO

coooixrrx 
in csj rHO XT
CSJ IS. xT IS. xT 
rH rx rH 

IS.

oo in co csjo co is. in csj oo
rsrvininco
rHCSIO)rH

r>.rs oocorH 
<o CM coo XT
CMOOCMOIS.
in rs CM XT csj
CM Cn rH

CO(OO>COO> 
O> CMO> xTrH

IS. <O,H 
CM xT

CM (J) O) IT) fS, 
CM CO in 00 CM

rHCO

rsrxco coo 
rs in in co co

rH rH CM rH 

rH CM CO XT in
in in in in in 
o o o o o

xTrHCT)O> 
OOCOrH

CMIS. rHO

rHin COO) 
O OCOO)

COO CM rHO 
CM

CM CM in CO 
OrHOOO

rHCM O 
rH

CO CO CM
CM in in

is. in oo
CM

CO rH XT O 
in XT CO rH

CO CO rHO 
rH

coooooors
rH O rs CO rH

CO xT in CM CM 
rHxrCM

S CO in rHCO 
COOO CM

xT 00 CO CM CO 
rH in rHCM

rH

oo oo in CM co 
XT in CMOO
O>XT ooois.
CM rH rH rH

O) CO IS. rHCM 
O CMIS.OIS,

co oo in co
CM CM CO rH 00 
rH CO

CO COO O

O IS. xT rHin 
COrHlS.

CO XT CO 
rHCO XT

O O 

CMxTxT 0
omin oo

CMO 

CO is. 000 O
in in in in co 
o o o o o

73



1    1 * t  » 1  *

8888 4kCoroi->

CO 4k

o tooro XJO O4k

roroi-»i-i
O CO I-1 CO 
l-*O4k4k

en en
o co to 
toi-»roio
oroooo 
en cno co

coroo 
coo u> o xjxji-»ro
to coo oo xjroo4k

OOOOi-> 
CO OXJO

4k4kO en
Xjxjcn4k

4kO4kl-*

toxjeno
bo bo bo co

OCOCO
xixiroo
4k CO CO tO
ro o to to

CO
pj-'po

O tO 4kO
4k *P CO 4k

^
i-'oo ro
4k xj co en 
4kO en en

CO 00
OOxjtOO

4k to 00 to 
COO 4k IO

roi-'i-'
oooooo
O 4kH-» IO
(O  -  4k I-*

1  * I*'
enoroi-'
CO tO XJ 4k
co en 4k co

i * i  » i  » i  »   *
to (O to to to 
go xi xi xj xi
OtOOOXJO

en
4k co 4k ro oo

i-» i-»
u> en en o co 
o co coo to

co ro
o xj oo i-»ro enroxj
o to xjoro 
enro ooro

r

sSsEi co co oo co ro
O O 4k 00 4k

CO
i-1 co xji-»ro
CO O tOCOXJ

ro O04ki-*o
00 tOXJXJ4k

,_»
OH-' I-*

XIXIO4kO

COCO tOOOl->

CO
CO IO tO I-1 CO

4k Ol-'COO
O tO *-*4k CO

l_ft
i-» cni-»
co eni-»i-» o
ro cnxjro-fc.

rococni-*
ooro xjo

I * O^ *""* O^

 -'OOlOxjxj

,_, ^
cno co 4k
00 O O O 00

4k 4k ro co
toro oroen
roocoenxj

i  »   * i  » i  »   *
to to to to (O
XI XI XI XI XJ
Ol ^^ CO ^O H^

H^ <£b CO

roroooo en

c^ 0^1 ^o ^?
oroo

^k cn ^o
CO H-1 fO

i * .£*. o) ro

I-*O> VJCO tO

r
toroocoo
i-1 enroxj co

COI-> 4k
enoorooro 
4k en en 4k to
i-- xj en too
orotoi-1 to

CO l-»
xjen i--4k
CO CO OOO l-1

OI-*XJOOO

roM

en
4k 4ki-» en to
4k eni-» o o
en ooro coo

eni-» en
4k xjrooo
coroororo
I-* OOOOOO

ro i-'coro
to xj co i-* to
coxj xjro to

en

4k xj 00 XJO

l-» I-1 CO
oooooento
ro toro cno
xj en 4k en to

|wl

co 4k4kxj ro
xjooi-'roo
o toi->coto

i  » i  » i  » i  » i  »
to <o to to <o
xj O O O O
OtOOOxjO

4k CO

ooro oo co 
oo en to to i-'

ro o i-»
CO l-»»O«-'
o ooro oo

|H*

*

|_ft

4k en ooro 
 fc.oo-fc.ro
en cototo 
to roooo

* 
en oo 4k 4k

oro4ki\>4k 
4k 4k i-1 co en

-fc.  -» i  » i  »
o o co oo o rococoroi-'
i-» o ro 4k to
4k 4k O) 00 xj

en i-*
i-' co ro co 4k
oooeni-'O

co 4k cno en

co O4k ro
enro4kxj4k
enxj4kO 4k
ro en (Oxjo

coi-» ro
xjooroi-'ro
OCOXJCOXJ
r"^ CO ^k ^O 00

roro
tocoo to
en xjo xj co 
toenoo4k

i_k
(O o en coo

ro en oo i-* co

!-»!-»

co4kxj eno
roco4koen
OOOOXJO

roxjcororo
rooroo o
ooxjenoco

i  »   * i  » i  »    »
to to to to to 
o o o o o en 4k co ro H*

i-» O

COH->004kO
01-' roooo

o o
O«-» !-» O 
Oi-- OOO

l-» CO
o^ o^ ro

cocoxjtoen

t»

o toro oo to
ooo xi ro 4k 
enenooo 4k

^O
(O4kCoroi-> 
toro en (ooo
ooro oo too
ooro en to oo

,_»
4k en co oo encoxjcoi->
xji--o en oo 
ooro ooo en

00 o«-*«-»ro
(OOOCOi-> O

VJ 4k OXJO
enoi-'O o

ro
o p5
ro to xi ooo
oo co ro coo -fc.-fc.OOO

4k XI

COCO O O CO
o ro oo eno

4k coro

4k CO 4k tO O
oroocoro

ro co
roxienoco
ooroenoo
(orocoxjen

i  * i  * i-» i-» i-» co ro
xj4ki-> i-> ro
XJ tO4kXJI-»

m
V)

1Q.

O
01

c
o>"1
i<
l-»
(O 
CO
^ ^

C*"
3"

o
to3- 

O
at
n

1at
T

l-»
to
00
4k
^^

V\
 -» 
"1

a»
3

i

ô
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ôz

.
^J
u
o

.
g^J

q.
0)

CO

 
OJ
3

^^
pi*
3

0)
C
3

^^

<a

 
L*
Q.

,
L*
(O^

  8
u_

 
c
<a

<a
0)

o
o

"Jo
f.
as
L*
^^
c

*
^
0)

<a
Xi
0)
u
<a

3

,  .
^^
00
a>t-i

0)

i
0)
u
0)
0

c.
on
3e
x:

to
^V
O)t-l

>1
<a
3
C
<a
^^

 o
0)

L*
o

£
^^
c
<a

^ ^

U)
ts.
O>
t-l

^
0)
|5

w
U
0)a

01
3

|
**

CO
O)l-l

<̂a
^3
c
<a

T3
0)
4^
<a
E 

Ul

ooooo

0o
ooooo

oo
 

ooooo

0o
ooooo

.
^^
<a
a
z
 

L_
0)
 r 

a:
*ti
! »
 a
a.
0)
^j
^
o

ĉ
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